Background: Minor head trauma in young children is a major cause of emergency department visits. Conflicting guidelines exist regarding radiologic evaluation in such cases. Objective: To determine the practice pattern among Canadian emergency physicians for ordering skull radiographs in young children suffering from minor head trauma. Physicians were also surveyed on their willingness to use a clinical decision rule in such cases. Design/Methods: A self-administered email questionnaire was sent to all members of the Pediatric Emergency Research Canada (PERC) group. It consisted of clinical vignettes followed by multiple-option answers on the management plan. The study was conducted using the principles of the Dillman Tailored Design method and included multiple emailings to maximize the response rate. The research protocol received Institutional Review Board approval. Results: A total of 158 of 295 (54%) PERC members responded. Most participants were trained in pediatric emergency medicine and assessed more than 500 children per year. Imaging management for the vignettes was highly variable: 6 of the 11 case scenarios had a proportion of radiograph ordering between 20 and 80%. Ninety-five percent of respondents stated that they would apply a validated clinical decision rule for the detection of skull fracture in young children with minor head trauma. The minimum sensitivity deemed acceptable for such a rule was 98%. Conclusion: Canadian emergency physicians have a wide variation in skull radiography ordering in young children with minor head trauma. This variation, along with the need expressed by physicians, suggests that further research to develop a clinical decision rule is warranted.
Head injury accounts for about 400,000 emergency department (ED) visits per year in children under age 14 in the United States. 1 Minor head trauma is diagnosed in the majority of these cases and has a peak incidence in children younger than 5 years old. 2 Minor head trauma in young children has been defined as a history or signs of blunt trauma to the scalp, skull, or brain in a patient who is alert or awakens to voice or light touch. 3 The main challenge in the ED management of children with minor head trauma is to determine who is at risk for complications and requires diagnostic imaging for the possibility of an intracranial lesion and/or skull fracture. About 3 to 6% of children suffering from minor head trauma will have intracranial injury. [4] [5] [6] [7] [8] [9] [10] In a systematic review by Maguire and colleagues, the need for neurosurgical intervention in children with minor head trauma varied from 0.2 to 0.6%. 11 These observations underline the importance of reliable features to identify children at risk for such complications. Skull fracture has an incidence of 3.5 to 14% and is more common among children under 2 years of age. 10, [12] [13] [14] The importance of detecting isolated skull fracture arises from the fact that depressed fractures or those with large diastasis require neurosurgical evaluation and, in some cases, surgical intervention. [15] [16] [17] [18] Controversy exists on the usefulness of skull radiographs in children less than 2 years of age with minor head trauma. Although cerebral computed tomography (CT) has become the imaging modality of choice to evaluate an intracranial injury in the ED setting, it is clear that not all young children with minor head trauma require a CT scan. 19 The long-term negative effects of ionizing radiation, potential for complications from procedural sedation, and costs have led several research teams to develop guidelines for CT scan use in such situations. [20] [21] [22] [23] [24] However, none of these guidelines address what is arguably the most frequent situation faced by emergency physicians: a young child with minor head trauma and no evidence of brain injury who does not meet the criteria for head CT.
Over the last decade, conflicting guidelines have been implemented for the use of skull radiographs. 3, 24, 25 For example, the American Academy of Pediatrics guideline states that skull radiography should be considered in a number of situations, including the presence of a scalp hematoma (particularly if nonfrontal) and a fall onto a hard surface. 3 In contrast, the National Institute for Health and Clinical Excellence (NICE) guidelines state that skull radiography should be performed only when nonaccidental injury is suspected. 25 Given the variation in recommendations among guidelines for minor head trauma in young children, it is conceivable that a variation in practice pattern also exists. The objectives of this study were 1) to determine the practice pattern among Canadian emergency physicians in ordering skull radiographs for young children with minor head trauma and 2) to determine if Canadian emergency physicians would use a clinical decision rule for skull radiographs in young children with minor head trauma.
METHODOLOGY

Study design and setting
Data were captured through a self-administered email questionnaire sent to physicians who were members of the Pediatric Emergency Research Canada (PERC) group. The PERC group is an association of emergency physicians with an interest in pediatric emergency medicine research from 15 institutions in nine provinces in Canada. We chose to poll PERC members because of their expertise and homogeneity. The study was coordinated by the CHU Sainte-Justine Research Institute and was carried out from October through November 2011.
Participants
Using the PERC mailing list, every member of the organization was invited to participate. Respondents who did not practice clinically, physicians in-training, and those who practiced in an adult-only setting were excluded from the analysis.
Procedure
The study investigators constructed the questionnaire. Case scenarios were developed following discussion with experts in pediatric emergency medicine. Each vignette depicted a domestic fall situation in which the child had no signs or symptoms of brain injury. Four scenarios were constructed based on cases encountered in the past by the authors. For each scenario, two or three clinical vignettes were developed by varying one clinical factor potentially associated with skull fracture risk (these included patient age, hematoma size, and location or height of the fall). 5, 7, 26, 27 The questionnaire was developed in French and subsequently translated into English. It was pilot tested for clarity and proper translation in both languages among five bilingual pediatric emergency physicians. It was then posted on a Web-based survey site (surveymonkey.com).
Questionnaire content
The full questionnaire is available as an online appendix at the following URL: www.cjem-online.ca. The first part of the questionnaire consisted of 11 clinical vignettes followed by multiple-choice questions on the management plan that would be used. In the second part of the questionnaire, the respondents were asked the following questions: 1) Did they favour the development of a decision rule for the use of skull radiography in minor head trauma in young children? 2) What did they feel would be the ideal primary outcome for such a rule? and 3) How sensitive would the rule need to be in order for them to use it? Finally, we asked respondents if they currently base their clinical conduct on specific guidelines.
Questionnaire administration
The survey was conducted using the principles of the Dillman Tailored Design method. Email correspondence consisting of an introduction letter explaining the study was first sent to all potential participants. Potential participants then received a cover letter describing the study, which assured them of confidentiality and provided the questionnaire and instructions for its completion. Eligible physicians who did not respond received a total of three reminders to complete the questionnaire, each 2 weeks apart.
Data collection and processing
All data were collected electronically via surveymonkey.com and then transferred to an Excel spreadsheet (Microsoft, Richmond, WA). The analysis was carried out with SPSS version 17 (SPSS Inc., Chicago, IL).
Primary outcomes
The primary outcome was the proportion of physicians indicating that they would perform a skull radiograph for each clinical vignette. Secondary outcomes included the proportion of physicians indicating that they would agree to use a validated clinical decision rule, the primary outcome most physicians would find useful for a clinical rule, and the sensitivity deemed to be necessary for such a rule.
Analysis
This was an observational study. For each of the 11 clinical vignettes, the proportion of radiographs ordered was determined. A priori, it was established by the research team that clinical management in a given scenario would be considered homogeneous if more than 80% of respondents indicated the same approach. Accordingly, a proportion of radiographs that varied from 20 to 80% would be classified as variable. For example, if more than 80% of the respondents indicated that they would obtain a CT scan for the patient, or if less than 20% would obtain a skull radiograph, then the clinical vignette would be deemed to be of low variability.
Proportions with 95% confidence intervals were calculated for all results.
Ethics
The protocol was approved by the Institutional Review Board of the CHU Sainte-Justine Research Institute, and consent was deemed to be implied for participants who responded to the survey.
RESULTS
Of 306 PERC members in the database, 11 were excluded (3 did not have valid email addresses, 6 had their email accounts blocking the survey website, and 2 requested removal). An invitation was thus submitted to 295 PERC members, of whom 158 (54%) agreed to participate. The demographic characteristics of the study participants are provided in Table 1 . Fifty-seven percent of the participants were trained in pediatric emergency medicine, 85% evaluated more than 500 children per year, and 83% worked in a dedicated pediatric ED. Respondents were distributed from across Canada. Fifty-one percent of the participants reported that they currently use a clinical algorithm for the evaluation of head trauma in young children, with the CATCH rule 19 being cited the most often. The CATCH rule was derived and validated to help clinicians with decisions on CT-scan criteria for children with minor head trauma. 
Skull radiograph ordering
Examples of two case scenario vignettes and responses are provided in the Appendix. Depending on the clinical scenario presented, physicians indicated that they would obtain skull radiographs in proportions that varied from 1 to 51% (Figure 1 ). The obtaining of skull radiographs was highly variable: 6 of the 11 case scenarios had a proportion of skull radiographs ranging from 20 to 80%. In 10 of the 11 case scenarios, a lower proportion of participants indicated that they would obtain a CT scan rather than a skull radiograph. Significant variability in the proportion of participants ordering a CT scan was also found, with four scenarios having a proportion of CT scan ordering over 10%.
Skull fracture management
Two scenarios were designed to evaluate the management of a known skull fracture. Fifty-four percent of the participants indicated that they would perform CT on a well-looking 3-month-old baby who had sustained a parietal skull fracture after falling from the couch, and 29% indicated that they would hospitalize the baby because of the fracture. When presented with a fracture with a diastasis of 5 mm, 70% participants indicated that they would obtain a CT scan and 19% indicated that they would hospitalize.
Clinical decision rule use
Ninety-five percent of the respondents reported that they would use a validated clinical decision rule regarding the use of skull radiography for the detection of skull fractures in young children with minor head trauma. In 92% of the respondents, a clinical decision rule with a sensitivity of 98% or higher was deemed to be sufficient for use. There were varied responses on what primary outcomes such as a clinical decision rule identify.
DISCUSSION
The results of this study indicate that significant practice variation exists among Canadian emergency physicians regarding obtaining skull radiographs in young children with minor head trauma. Respondents indicated a willingness to use a highly sensitive clinical To our knowledge, this is the first study to evaluate the practice pattern regarding the use of skull radiographs in young children with minor head trauma. The results of our questionnaire suggest that many physicians continue to order skull radiographs in this situation, despite existing guidelines indicating that their use should be limited. 3, 25 In 2001, the American Academy of Pediatrics published guidelines for the management of children younger than 2 years old with minor head injury. 3 These guidelines were based primarily on expert opinion because few studies have been conducted on the subject. The guidelines indicate that skull radiographs should be considered in higherforce mechanisms of injury, when a scalp hematoma is present (particularly if nonfrontal), in falls onto a hard surface, in unwitnessed trauma with the possibility of a significant mechanism, and in vague situations or an absence of history of trauma in a child with signs or symptoms of head trauma. In 2007, the NICE published evidence-based guidelines regarding head injury stating that a skull radiograph should be performed only when nonaccidental injury is suspected. 25 In a retrospective chart analysis, Beaudin and colleagues reported that restricting the use of skull radiography in children younger than 3 years old to those with cephalohematoma, a major fall, a penetrating wound, or a suspicion of child abuse appears to be a safe and resource-effective practice. 24 Controversy exists on the usefulness of skull radiography in the specific context of minor head trauma in children less than 2 years of age, in large part because skull radiographs cannot reliably detect intracranial injury. A meta-analysis conducted in 2004 by Dunning and colleagues found that finding a skull fracture on a plain radiograph had a sensitivity of 59% and a specificity of 88% for the detection of intracranial lesions. 23 This low sensitivity makes radiography a poor screening tool for intracranial lesions. The meta-analysis included studies of children less than 18 years of age, and it is conceivable that the findings may be different in subgroups less than 2 years of age. Other studies indicate that 15 to 30% of patients less than 2 years of age with a skull fracture detected on plain radiographs have an intracranial injury. 3, 22, 25 Some authors even suggested that in young children, the presence of a skull fracture is a better predictor of intracranial injury than anomalies on physical examination. 3 Two of the main advantages of skull radiography in contrast to head CT are the low radiation involved and the lack of a requirement for sedation. In addition, certain linear skull fractures not detected on a CT scan can be seen on a skull radiograph. This can be particularly important when nonaccidental injury is suspected or in occult fractures that require neurosurgical evaluation. The potential usefulness of skull radiographs lies in their correct interpretation. One study found that emergency physicians interpreted skull radiographs correctly in only 65% of cases. 28 This finding makes it difficult to rely on skull radiograph results interpreted by emergency physicians to guide subsequent clinical management.
The general agreement we found among participants regarding willingness to use a clinical decision rule for skull radiographs in young children with minor head trauma is another important finding. Although in theory not a sine qua non prerequisite for the development of a clinical decision rule, the advance knowledge that clinicians would indeed use a rule is important. Participants were pragmatic and acknowledged that although high sensitivity was a prerequisite, a clinical decision rule did not have to be perfect. Almost all participants indicated that they would use a rule with a sensitivity of 98% or higher.
LIMITATIONS
The main limitation of our study relates to the response rate of 54%. This was lower than we expected; however, it is comparable to many physician surveys. 29 It is conceivable that enrolment bias may have existed, and, for example, nonrespondents might have managed the questionnaire situations more consistently. Our sampling method used the PERC database, leading to an overrepresentation of pediatric emergency medicine physicians, which again could have biased our results, likely toward better agreement as such physicians are arguably medical experts in the field of minor head trauma. Given this, it is possible that the actual practice in Canada is even more variable than we found. As with all surveys, our results are limited by the fact that what is actually done by respondents is unknown, and we can only be confident about what they stated they would do in in the scenarios presented. Finally, we did not investigate the use of ultrasonography or the increasing accessibility of low-dose or ultra-low-dose CT. As these modalities are becoming increasingly available in Canadian emergency departments, they will likely become another option for the evaluation of young children with minor head trauma.
CONCLUSION
Canadian emergency physicians have a wide variation in skull radiograph ordering in young children with minor head trauma. This variation, along with the need expressed by physicians, suggests that further research to develop a clinical decision rule is warranted. 
APPENDIX: TWO EXAMPLE CASE SCENARIO VIGNETTES AND RESPONSES
A 5-month-old baby fell off her parents' bed on the carpet. She cried immediately. There was no loss or alteration of consciousness. The incident happened 3 hours ago. Since then, the child has drunk her milk like usual. There was no vomiting or seizure. On physical examination, you note a tender parietal hematoma of 3 cm in diameter. The child is smiling except when you touch the hematoma.
What would you do initially? (one answer allowed)
Three hours ago, the father of an 8-month-old baby fell from his height with his child in his arms. He thinks that the head of the child hit the floor first. The baby cried immediately. There was no loss or alteration of consciousness, vomiting, or seizure. On physical examination, the skull shows a 1 cm parietal hematoma, and a neurologic examination is normal. The child is calm but not smiling.
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